Mapping and documentation of lithological varieties and their corresponding geochemistry at the Kitongo uranium mineralization were concerned. The Kitongo U occurrence is hosted by granitic rocks that include interleaved sequences of metasedimentary and metavolcanic rocks of the collectively termed Poli Group. U-mineralization and Na-metasomatism are related and structurally controlled. The most promising uraniferous bodies are intimately related to intersecttions between the ductile ENE-trending faults and the brittle conjugate R' faults postdating the shearing event. The concentration of uranium at fault intersections rather than along individual faults suggests that these zones that are dilatational in nature were also highly permeable and therefore the hydrothermal fluids ponded there could readily precipitate U therein. A two-stage albitization has altered the foliated granitic host rock and the second albitization that has overprinted the first one is more effective at fault intersections. Whole rock geochemistry was performed by using ICP-MS and ICP-AES respectively for major oxides, trace and REE. The U-bearing rock suite exhibits restricted range in SiO 2 concentration (62.89% -70.91%) and Al 2 O 3 (13.16% -18.59%) and it is poor in MgO (0.02% -1.03%), CaO (0.24% -1.88%) and K 2 O (0.08% -5.32%). The mineralized rocks are however comparatively richer in Na 2 O (4.33% -10.92%) compared to their barren counterparts. The host granite and associated granodioritic rocks in the area are weakly metaluminous, peralkaline, and are calc-alkaline. They are moderately to strongly fractionated and have tholeiitic and shoshonitic affinities with moderate to high HFSE (high field strength elements) and LILE (large ion lithophile elements) enrichment. The Rb/Sr, Rb/Ba and Sr/Ba ratios are 0.31, 0.14 and 1.48, respectively. U content in the mineralized granite is up to 651 ppm while the non-mineralized rock has only 2.4 ppm U. The REE patterns of the granite show LREE enrichment and strong Eu negative anomalies (Eu/Eu* = 0.03 to 0.48). The main mineralization stage characterized by local U, Na, Pb, Zn, Ga, Hf, Sr, Fe, Al, P and Zr enrichments is related to the second albitization event and could probably be associated in time with the calcite-uranium stage. The identification of fault segments favorable for uranium mineralization in northern Cameroon (Poli area) is important for understanding the genesis of hydrothermal ore deposits within continental strike-slip faults and therefore has great implications for exploration strategies.
Introduction
Low uranium commodity prices over many years up to the mid-2000s contributed to low expenditure on uranium exploration and dearth of discoveries of new U deposits around the world. The Athabasca Basin (Canada) was one of the few regions in which major uranium discoveries were made during 1990s and early 2000s [1] . However, as the principal fuel for the world nuclear power plants, uranium has become a valuable source of energy in many countries and increasing demand from emerging economies such as China and India, and new market potentials in the Middle East have boosted the search for uranium deposits worldwide in the last five years [2] . In recent years, the world market of U has been characterized by an imbalance between demand and supply and persistently depressed uranium prices. However, the future for uranium exploration and exploitation is not that pessimistic. For example, it is projected that available uranium stockpiles between the period 2006-2020 is ~200 Kt, whereas the supply deficit of U over the same period is ~180 -260 Kt [3] . Therefore, in the long term, new U occurrences must be sought, explored, mapped and evaluated ready for production. This optimism is perhaps responsible for the renewed interest in uranium exploration especially in currently non-producing countries like Cameroon. This optimism also takes cognizance of the current outcry against nuclear energy following the Fukushima incidence in Japan but the authors hold the view that this will not, at least in the short run, derail the nuclear energy sector.
The exploration for U in Cameroon, which peaked in the period between 1971 and 1986 led to the discovery of two significant uranium occurrences in the country, as described in the IAEA-Uranium Deposit (UDEPO) database [4] . These include the Lolodorf occurrence (southeastern Cameroon) and the Kitongo occurrence (northern Cameroon). Previous works suggest that the Kitongo uranium occurrence is the result of structurally-controlled metasomatic replacement in syn-orogenic granitic plutons of Pan African age intruded along a deep-seated fault [4] . The ore is mainly of disseminated type and although the mineralization is envisaged to be thick, it has low grade [4] . The "cataclastic" ore type with uraninite as main ore mineral, is associated with fault zone; it constitutes the most economic ore type and has locally a considerable thickness. The vein type is subordinate with very thin veinlets (<1 cm), but with higher grades (>0.1% U 3 O 8 ). The historical U 3 O 8 resources at Kitongo are estimated between 10,000 and 25,000 tones at a grade of 0.1% U 3 O 8 [5] . The mineralization is also associated with different alteration processes. Any, if not most of the deposits that were discovered during previous exploration efforts are included in the expanded UDEPO database [6] . The resources for many of these deposits will however require additional exploration before they are sufficiently well defined to be reliable as future exploitation candidates. It is against this background that the present study was carried out.
The work described in this contribution was undertaken at a time of renewed interest in the Kitongo uranium occurrence for which Mega Uranium Corporation Cameroon PLC. now has exclusive exploration and reserve definition rights (see www.megauranium.com/main/? kitongololodorf). The primary objective of this study was to map in greater details the northwestern part of the Kogué batholiths to which the Kitongo uranium mineralizetion belongs and to document its lithological varieties and their corresponding geochemistry. Presently, Mega Uranium is actively engaged in diamond drilling of the Kitongo prospect and such detailed maps and integrated geochemical data will hopefully assist in the broader understanding of the controls of uranium mineralization and its genesis at Kitongo.
Regional Geology
The Kitongo U occurrence that belongs to the Kogué granitic batholiths lies within the Central African Fold Belt (CAFB) that is regarded as a mobile zone [7] [8] [9] [10] . This is an intermediate domain between the West African Craton (WAC), the São Francisco-Congo Craton (SFCC) and enigmatic east Saharan Craton (Figure 1) . The CAFB in Cameroon is bordered in the south by the Ntem complex (Congo craton) that continues across the Atlantic as the São Francisco craton in Brazil [11, 13] . Northwards and beyond this unit the so-called "East Saharan Block" (ESB), almost entirely masked by the Chad basin, is located (Figure 1). The geology of the northern margin of the CAFB in Cameroon is known through the well exposed Poli Group that represents an early Neoproterozoic back-arc basin formed between 830 and 665 Ma ( [14] [15] [16] .
The CAFB was interpreted as a zone of continent-continent collision [13, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] involving three major landmasses: the São Francisco-Congo Craton (SFCC), the Eastern Sahara block and the West African Craton [11] (Figure 1). It comprises two main granulitic rock suites: an Archaean generation in the forefront basement of the Oubanguides chain and a post Archaean generation likely Pan African within the inner zone of that orogeny [28] .
Recent petrologic and isotopic data enable to define the following three main Pan-African geotectonic units at the northern boundary of the SFCC: the Yaoundé Group (southern Cameroon), the Adamawa domain (central Cameroon) and the Poli Group (northern Cameroon) (Figure 2) . The study area is located in the Poli Group (Figure 3 ) dominated by metavolcanic and metasedimentary rocks [14, 31] . The lithostratigraphy is poorly defined because these rocks are interleaved and have been strongly deformed [31] [32] [33] [34] although the metavolcanic unit is widely believed to alternate with metasedimentary units. The lower metasedimentary unit (Sakje unit) has been affected by medium-to high-grade metamorphism [32, 34] , while the upper unit underwent low grade metamorphism. However in some localities, transition from the low grade upper sedimentary unit to the Sakjé unit is gradational as at "Buffle Noir" and in western Poli (Figure 3) [33, 35] . In both regions, the upper and lower metasediments show comparable greywacke composition [14, 35] . The metasedimentary unit on a wider scale is composed of either purely volcanogenic clastic rocks (mainly tuffs) or variably reworked clastic rocks (metagreywackes). Conglomerate layers are frequently observed in most of the sedimentary sequences. The metavolcanic unit includes rhyolite and tholeiitic basalts. The tectonics of the Poli region is marked by E-W antiform and synform characterizing gentle folding of a regional flat-lying foliation probably formed during an early thrust evolution. Many generations of wrench zones in that area crosscut those early folds and foliation related to the thrusting and nappe refolding. These include the left and right wrench movements: the D2 and D3 Pan-African phases involving major sinistral and dextral SZ that have almost operated at right angle. The left wrench movement (ca 613 -585 Ma) is represented by the major Balché (BSZ) and "Buffle Noir"-Mayo Baléo shear zones (BNMB) and the synthetic shear zones represented by the Godé-Gormaya (GGSZ) and Mayo Nolti shear zones (MNSZ); the right wrench movement younger in age (ca 585 -540 Ma) than the left one is represented by the "Vallée des Roniers" shear zone (VRSZ) and Demsa shear zone (DSZ) coeval with down-slip movements parallel to the Godé and Gormaya segments [11] . Granitic intrusions, mainly of Pan-African age, are widespread in the Poli Group (Figures 2 and 3) . A Rb-Sr age of ca 590 ± 16 Ma on biotite from these rocks [9] can be approximated to the emplacement age of the massif. The emplacement of post-collisional granitoids was controlled by strike slip faults. The metamorphism is of medium-to high-pressure type and localized anatexis resulted in the genesis of migmatites. The associated plutonism evolved from calc-alkaline to alkaline compositions [21, 36] .
at the northwestern margin of the Kogué granitic batholiths (note that the northwestern margin of the Kogué granitic batholiths shall also be referred to as the Kitongo granite). It covers an area of ~2.34 km 2 , i.e. ~1.8 km in length and ~1.3 km in width. Detailed geological data from the area under study are scarce and are mainly reconnaissance reports. This area consists of a horst-like structure with many cliff-faces amongst which the Kitongo cliff-face is the most important in extension (averagely 250 m of escarpment); it is where galleries were dug. This cliff-face corresponds to the Kitongo shear zone trace in 2 dimensional view (Figure 4) . Thick overburden made up of huge number of boulders of various sizes exhibiting a chaotic aspect hampers observations. However the continuous aspect of outcrops has enabled mapping from which four main rock types were distinguished hereafter referred to as: the metavolcanic and metasedimentary unit, the fault rocks unit, the granodioritic unit and the granitic unit. Mafic dikes were also mapped but are relatively less important.
Local Geology

Lithology
Metasedimentary and Metavolcanic Unit
The U occurrence mapped in this study (Figures 3 and 4) referred to as the Kitongo Uranium occurrence is located These rocks belong to the Poli Group and they outcrop at the northwest of the Kitongo granite. This unit is essen-tially made up of interleaved dark grey basic meta-volcanic and light grey meta-sedimentary rocks and amphibolebearing schist with a strong N045-078E-trending regional foliation. This unit is crosscut by many faults and fractures of various strike and dip. In certain areas, quartzo-feldspathic lenses display boudinage subparallel to the general foliation. S-C fabrics associated with the early sinistral and late dextral movements are widespread as well as microfolds with crenulation cleavages.
Fault Rocks
The fault rocks outcrop between the Kitongo granite and the granodiorite and at some locations they distinctly separate the Kitongo hornblende biotite granite from the Poli Group sensu strictu (Figure 4) . The fault rocks are characterized by the interpenetration of Poli Group rocks and granite exhibiting a trellis aspect defining a sinistral shear zone ~70 m wide within which a well developed mylonitic foliation (N050-N080E, 70SE to vertical) is discernable (Figures 4 and 6) . Both the granitic rocks and metasediments/metavolcanics are affected with no evidence of localized partial melting (Figures 5(a)-(b) and Figure 7 ). granodiorite include a stretching lineation as well as micro S-C fabric in the groundmass. These features are reminiscent of microshearing with mm-cm relative displacements. Three fault sets are recognisable in this unit, namely from the oldest to the youngest, the N022E90, N122-E90 and N058E90 vertical fault trends. Small ptygmatic folds are also present. In hand specimen, the following mineral assemblage is observed: amphibole, plagioclase, quartz, and biotite and minor muscovite and K-feldspar.
Granodioritic Unit
This rock outcrops at the NW of the Kitongo granite and it is separated from the latter by the fault rocks ( Figure  4) . The rock is greenish and crosscut by aplitic veins. Two generations of granodiorite were distinguished; the older granodiorite outcropping as large inclusions within the younger one. The average orientation of the long axes of these inclusions as well as the mineral lineation in these plutons are N70-80E. Microstructures within this
Granitic Unit
In the study area three granitic facies were mapped. These are the porphyritic hornblende-biotite granite, the equigranular hornblende-biotite granite and the microgranite. The porphyritic amphibole-biotite granite is a light coloured rock characterized by the dominance of euhedral K-feldspar phenocrysts (2 -3 cm long), plagioclase feldspar and quartz within a biotite-amphibole dominated groundmass. The transition from this granite to the equigranular amphibole-biotite granite is gradational and it is marked by the steady decline in K-feldspar phenocrysts to medium grain size (~4 mm) and the incipient appearance of plastic deformation of the Kitongo granite towards its borders. These gradational processes are linked to magmatic and tectonic events interacting at large scale. The equigranular amphibole-biotite granite has both plagioclase and alkali feldspar and it is restricted to the Kitongo granite's margin. The rock is medium-grained (~4 mm) although aggregates of phenocrysts of K-feldspar are locally observed. Quartz grains are irregular to elongated and together with the alignment of amphibole and biotite these mineral phases define a strong mineral lineation and foliation. Accessory minerals in this granite facies include chlorite and/or epidote, aegirine/riebeckite and disseminated sulphides. The equigranular amphibole-biotite granite exhibits clear petrographic evidence of substantial post-magmatic recrystallization accompanied by a two-stage albitization occurring in successive steps. These albitization events are continuous in time and spatially bound to one another through fuzzy transitions. The first phase of albitization with weak degree was identifiable but in the xenoliths zone and in the porphyritic granite. The second albitization event was more intense and overprinted the first. This was only effective around fault intersections along the Kitongo shear zone and to a lesser extent on the Zenko plain, where the central (core) zone is surrounded by alternation of variably altered granites outwards exhibiting lithologic zoning. It is characterized by the increase in albite, while quartz and alkali feldspar decrease without extensive textural changes. Indeed where this hydrothermal alteration phase is very strong, albitite facies develop. With respect to the degree of albitization and quartz contents, four sub-facies of the equigranular granite were distinguished. These facies, from the periphery towards the centre are as follows: the relics of the original equigranular granite; albitized granite; quartz albitite/episyenite and albitite sub-facies. The albitized granite sub-facies reflect the existence of hydrothermal alteration gradient intensity across the granite. Residual quartz and plagioclase also exist as well as rare sulphide grains. In addition, transgranular fractures in this sub-facies are filled in by chlorite and/or epidote. The quartz albitite/episyenite sub-facies is typified by the total disappearance of alkali feldspar but few quartz grains can still be observed. The mineralogy is chiefly composed of albite, hornblende, aegirine, and accessory biotite, chlorite and/or epidote. The albitite sub-facies is characterized by the total replacement of alkali feldspar by albite. Here albite is either uniformly distributed in the rock or forms euhedral crystals filling the quartz dissolution cavities, or it forms stringers within the intensively mylonitized bands along the Kitongo shear zone. Albitites are red in colour; quartz is totally absent although silicification is often recognized in association with secondary calcite along microcracks; the mineralogy comprises albite, aegirine and hornblende, chlorite and/or epidote. The microgranite is mainly found on the Zenko plain as 0 -2 m thick veins and trending N160E (Figure 4) . However, this rock facies is also found within the fault rocks area (Figures 5(a) and (b) ). The mineralogy includes quartz, K-feldspar and sparse biotite and amphibole.
Mafic Dikes
A series of N-S-trending gabbroic and lamprophyric dikes cutting across the granite intrusions are clearly observed on the Kitongo cliff face. Gabbroic dikes are melanocratic and massive and very hard and are characterized by inequigranular assemblage made up of fine grains of pyroxene, hornblende and phenocrysts of plagioclase (Figure 5(a) ). The lamprophyric dikes also occur on the Zenko plain where they are only a few meters thick and trending N160 (Figure 4) . On the cliff face these dikes dip at 40˚ to 50˚ SW and vary between 0.7 to 1.8 m in width ( Figure 5(b) ). These dikes are greyish in colour, dense and fine-grained. The mineral assemblage includes very fine grains of biotite, hornblende and pyroxene.
Fault Zone Architecture of the Kitongo U Occurrence
The fault zone is the single most important feature in the Kitongo area related to the U concentration. It is therefore treated here in greater details. The fault zone at the Kitongo U occurrence includes the Kitongo SZ characterized by ductile and plastic deformations, and the conjugate fault system made up of brittle structures overprinting the SZ.
The Kitongo SZ
The Kitongo granite margin at the studied locality is outlined by the Kitongo shear zone (PSF) well exposed along the fault rocks. The studied section of the shear zone measures about 1.6 km in length and its trend varies between NE to ENE (Figure 4 ). This is a sinistral shear zone with two different textures including mylonites and breccias.
The mylonitic fault rock that shows relatively sharp contacts with the granite includes both protomylonites (Figure 7(a) ) and ultramylonites facies (Figures 7(b) and (c)) are commonly associated to stylolites. The plastic deformation at Kitongo includes pervasive mineral lineation and linear fabrics defined by xenoliths within the granitoid. At outcrop scale the mineral lineation has the following attitude: N050-070E, ≥65˚SE (Figure 8(a) ). This trend is sub-parallel to the general orientation of the Kitongo SZ. Abundant xenoliths predominantly grey in colour were observed at the study section of the Kitongo granite. They are mostly lensoid in shape and range from millimetre to 1.5 m in size and their modal compositions generally correspond to micro-granodiorite. They are common in the equigranular granite (Figure 9(a) ) and within the fault rocks (Figures 9(b) and (c) ). The xenoliths alignment defines a fabric that trends N050-066E, ≥65˚SE (Figure 8(b) ). 
The Conjugate Fault System
Numerous near-parallel closely spaced and steeply dipping normal faults (R' fault) and fractures developed at high but variable angles to the PSF (Figures 4 and 10) extend into the surrounding granitoid, configuring it into numerous triangular to irregular blocks (Figure 4) . The sub-vertical component of these conjugate faults and fractures represented on Figure 4 were recorded in fault rocks (Figures 5(a) and (b) ). This conjugate faults system corresponds to a younger tectonic event overprinting the PSF. Breccias occur locally in granite and mylonites as a result of the intersection of these conjugate faults with the PSF (Figure 7(c) ). Based on the bisectors between the Kitongo SZ and these R' faults, seven fault orientations were discerned including: the NE-SW-trending (35˚ -53˚) coplanar and steeply dipping (70˚ -85˚NW to vertical), the ENE-WSW-trending (58˚ -70˚) steeply dipping to vertical, the E-W-trending (85˚-98˚) steeply dipping (72˚ -80˚S to vertical), the ESE-WNW-trending (105˚ -120˚) steeply dipping (64˚ -85˚SW to vertical), the SE-NWtrending (126˚ -145˚) coplanar and steeply (68˚ -84˚SW to vertical), the SSE-NNW-trending (148˚ -167˚) coplanar steeply dipping (67˚ -88˚WSW, ENE to vertical) structures and the N-S-trending (010, 170 -177) coplanar steeply dipping (58˚ -88˚E or W to vertical) structures. The ENE-WSW faults system comprises two parallel faults including the Kitongo SZ (PSF fault) that trends N050˚ -080˚, 70SE (Figure 4) . These features together with the late mafic dikes (Figures 5 (c) and (d) ) suggest extensional deformation and the extension direction inferred from stereonet plots of the conjugate faults is parallel to the Kitongo SZ (WSW-ENE) (see Figure 11 ).
Radioactivity
Thick overburden at Kitongo masking the most important part of the mineralized zones has complicated surface radiometric patterns. Additionally, it has not been possible to investigate over the Kitongo cliff-face due to its vertical slope. However radiometric prospection using a hand held scintillometer over the study area enabled the identification of four U-anomalies aligned in the same trend. This spotted mineralization occurred at fault intersections of the ENE-WSW-trending faults and the overprinting Riedel fault system. The country rock is the hornblende-biotite equigranular granite that has experienced various forms of alteration at these intersections notably mylonitization along the Kitongo SZ, albitization, haematitization, silica dissolution, chloritization and uranium mineralization. The intensity of the alteration decreases away from the intersections that served as pathways for the hydrothermal fluids. This spatial distribution of mineralization at fault intersections therefore reflects an essential relationship between fault movement, mineralizeing fluids and subsequent U-ore deposition. Very high radiometric values, up to 3500 cps (count per second)
were recorded in the red albitites from fault intersections, while red albitites along the PSF, away from fault intersections showed only background values as well as the equigranular granite weakly altered during the first phase albitization alone. Uranium mineralization is clearly hosted in aureoles of hydrothermally-altered rocks and was controlled by the intersections of perpendicular to sub-perpendicular fault sets to the ENE-WSW-trending faults. Additionally, the highest uranium content, of the order of 0.22% U 3 O 8 was recorded along the Kitongo SZ at its intersection with the N160E faults (R' fault), where red albitites pervade the fault rocks thus, this intersection is actually the main U-ore hosting structure (Figure 4 ).
Whole Rock Geochemistry
Samples used in this study were exclusively collected from outcrops. Whole rock geochemistry was performed at Alex Steward Laboratory Group (OMAC) in Ireland after a sample preparation consisting of crushing and pulverizing at OMAC Cameroon. The samples were fused with lithium metaborate and lithium tetraborate at 1000˚C in a graphite crucible furnace. Processed samples were then dissolved in dilute HNO 3 and analyzed by ICP-AES for major elements. The same solution was analyzed by ICP-MS for a suite of elements consisting of trace elements including REE. The major, trace and REE data for the representative rock samples from the study area are given in Table 1 . (Figure 12(d) ), shows clustering close to the dividing lines between metaluminous and peralkaline fields but the metaluminous nature of the granitoids is further substantiated by the presence of calcic phases such as hornblende. (Figure 13 ). An overall decreasing trend of CaO, FeO t , and MgO with progressive increase of SiO 2 signifies the early crystallization of mafic minerals, while the downward trend of Al 2 O 3 is consistent with feldspar crystallization. K 2 O and Na 2 O exhibit sympathetic relationship with SiO 2 which is in accordance with the empirical law of differentiation where orthoclase is enriched in late phase differentiation. culation within the shear zone. The geochemical classification of the rock units in the Kitongo area is shown on the total alkali-silica (TAS) diagram [38] (Figure 12(a) ). Rock samples from the Kitongo U deposit fall in granite (s.s.) and syenite fields in TAS diagram (Figure 12(a) ). On the basis of the classification scheme [39] (Figure  12(b) ) rock specimens of the Kitongo U occurence show wide distribution from tholeiite to shoshonite series. As a Hence, a moderate to strong magmatic fractionation is inferred.
On the geotectonic discrimination diagram based on multicationic R1-R2 factor [43] , the equigranular granite plots dominantly in the anorogenic field as well as the microgranite. The granodiorite shows wide distribution from post-collisional to syn-collisional and late orogenic fields (Figure 14(a) ). 
Continued
Trace Elements
porphyritic granites) of the Kitongo U occurrence show enrichment (237.7 to 1040.4 ppm; average 673.7 ppm). The granites exhibit similar REE, LREE and HREE distribution patterns, high LREE abundances and comparatively low HREE abundances. In addition chondrite-normalized REE patterns (Figure 15(a) (Figures 15(a) and (b) ) but this is more pronounced in the granite (Eu/Eu* = 0.03 to 0.33) as compared to the fault rocks (Eu/Eu* =0.28 to 0.48). The negative Eu anomaly in the granites typically suggests feldspar fractionation or indicates separation of melt from a plagioclase-rich source.
The U content of the equigranular granite reaches a maximum value of 651 ppm while the Th concentration is low (18 ppm). The HFSE show moderate to high enrichment in the granites (Ce up to 488 ppm), Zr (1189 ppm), Y (59.9 ppm), Nb (173.9 ppm), Pb (115 ppm) while the transition elements exhibit moderate enrichment (Zn: 46 -165 ppm; Ga: 19 -30 ppm). Amongst the large ion lithophile elements (LILE), Rb (1.4 -92.8 ppm) Sr (13.4 -267.1 ppm) and Ba (22.6 -562.8 ppm) show moderate to high abundances. Predominance of Sr over Rb is indicated by low Rb/Sr ratio (average 0.31) which is more akin to a mantle source, while Rb/Ba and Sr/Ba ratios are 0.14 and 1.48, respectively. The fault rocks show different trace element characteristics when compared to the fresh granite ( Table 1) . Uranium concentration here ranges from 2.4 to 536 ppm while Th values range from 5.6 to 10.6 ppm. The subduction-related arc magmatism is indicated by Yb and Ta plot [45] where all of the study rocks spread in fields of volcanic arc granite (VAG) and within plate granite (WPG), except for the microgranite that falls in the field of syn-collisional granite (syn-CO-LG) (Figure 14(b) ).
Hydrothermal Alteration
The hydrothermal alterations experienced by the host granite and associated fault rocks such as albitization, haematitization and uranium mineralization are discernable from the whole rock geochemical data. The alteration of K-feldspar to albite is evidenced by a sharp decrease in K con-
Rare Earth Elements
With regards to REE geochemistry, all the samples have moderate to high LREE contents and comparatively low content of HREE. The REE data for granites (equi-and centration (from ~5.32 wt% in the fresh rock to ~0.08 wt% in the ore zone granite, and from 2.4 wt% in the fresh rock to ~0.5 wt% in the mineralized fault rock) and by corresponding increase in Na (from ~4.33 wt% to 10.92 wt% in the fresh granite and from ~5.58 wt% to 9.75 wt% in fault rocks ( Table 1, Figure 16(a) ). The decrease of K is probably enhanced by the chloritization of biotite although the amount of biotite in the fresh rocks is relatively small. Fe and Mg vary slightly from ~3.10 wt% to ~5.07 wt% and ~0.02 wt% to ~0.16 wt%, respectively, from fresh granite to ore zone granite, and from ~3.81 wt% to 4.99 wt% and ~0.98 to ~0.96 wt% respectively from the barren to the mineralized fault rock. Al increases (from ~13.16 wt% in unaltered granite to approx. 18.17 in mineralized granite) and (from ~14.63 wt% to ~17.37 wt% respectively from barren to mineralized fault rocks). P 2 O 5 slightly increase (from ~0.04 wt% to 0.55 wt% from barren to mineralized granite zone) and (from ~0.17 wt% to ~0.25 wt% respectively in barren and mineralized fault rocks. The increase of P 2 O 5 in ore zones signifies that apatite continued to form during the main ore stage. Formation of calcite is reflected by increased Ca contents (from average ~0.34 wt% to average ~1.6 wt% with few samples of up to 6.5 wt% (Figure 16(a) ). The granite host rock U concentrations vary from 1.2 to 5.1 ppm ( 
16(c)). Figure 16(c)
shows that the main U-ore stage is directly related to albitization as an increase in U content positively correlates with the decrease in K. The increase of Ca contents follows almost a similar pattern to that of U, increasing slightly during albitization and correlating positively with albitization expressed as K -(Na + Ca) more at low K concentrations (Figure 16(b) ). Considering the evolution of K, Na and Ca concentrations (Figure 16 ), it appears that Na was continuously added to the system, whereas Ca increased only after initial albitization was almost complete although some samples show increasing Ca before this stage. K, Rb, Nb, Ba and Si seem to be the only elements removed from the system whereas Pb, Zn, Ga, Hf, Sr, Fe, Al, P and Zr were added during alteration and mineralization in addition to U, Na and Ca ( Table 1) . Variation in Th/U ratios (0.01 -5.64 and 0.01 -2.72) with lower average values (1.26 and 0.87) respectively in granite and fault rock as compared to global Th/U ratio of 3.8 [48, 49] suggests U mobilization in the system leading to either selective enrichment or depletion. Figure 17 however suggests that there is no increase of Th contents with the increase of U. Thus all the recorded radiometric anomalies are due to uranium.
Discussion
Petrology and Rock Classification
Pluton margins are likely to be broadly schistose or mylonitic in plutons emplaced diapirically when the body was more than 70% crystallized notably along zones of ductile shear [50] . The syn-to late-tectonic Kogué massif in this study is a diapir whose emplacement was favored by the density contrast between the massif and the country rock under greenschist facies metamorphic conditions [36] . The detailed field mapping presented here shows that the lithology at the Kitongo U occurrence comprised granodiorite, granite locally associated with mafic dikes and fault rocks made up of a mélange of two distinct rock types: the metamorphic rocks of the Poli Group and the Kogué granite.
The Kitongo granitoids belong to the tholeiite to shoshonite series exhibiting low to high K/Rb ratios respecttively. It is proposed that the magma which gave rise to the tholeiittic series, came from an intermediate differentiating magma. The probable explanation for the tholeiitic character of some samples of both granite and fault rocks is hydrothermal alteration that lowered the K content of the rocks. I-type granites are metaluminous to weakly peraluminous (ASI between 0.99 and 1.8) and commonly contain biotite, hornblende and titanium [51] 
Trace and Rare Earth Elements
In the Yb and Ta plot [45] , the studied rocks spread in fields of volcanic arc granite (VAG) and within plate granite (WPG), except for the microgranite that falls in the field of syn-collisional granite (syn-COLG). This overlap sample data set in VAG and WPG fields is perhaps produced by both the differentiation trend and/or characteristics of the source rocks [52] . The REE data for granites (equi-and porphyritic granites) of the Kitongo U occurrence show an enrichment (237.7 to 1040.4 ppm; average 673.7 ppm) compared to the average global REE content of about 250 ppm for granites in general [53] . Note that the sum of REE in acid and intermediate rocks ranges from 220 -350 ppm [54] and their abundance in the upper crust is 156 ppm [48] . The REE enrichment in the Kitongo granite is similar to the REE enrichment in the granite rocks of Ado-Ekiti-Akure area, SW Nigeria [55] and the Pan-African granites of Obudu Plateau Southeastern Nigeria [56] but more than four times higher than those for the No. 302 uranium deposit in Northern Guangdong, South China [57] and more than four to five times lower than those of the granitoids of the Kinwat Crystalline Inlier, Nanded and Yeotmal Districts Maharashtra [58] . In addition, the granites at Kitongo show LREE-enrichment compared to the composition of the average upper crust. LREE-enrichment is common in calc-alkaline rocks [59, 60] . Eu depletion depicted by a strong Euanomaly in both mineralized and barren granitoids and the fault rocks suggests that these rocks have experienced feldspar differentiation.
Structure and Structural Control on U Mineralization
The internal fabric of the pluton is linked to both magmatic features developed during emplacement and deformation [61] [62] [63] [64] [65] [66] . The strong foliation recorded within the fault rocks and the Poli Group strikes N050-080E and dipping 70˚SE (Figure 6 and Figure 7(c) ) to vertical. The latter deformation is compatible with the sinistral and dextral strike-slip fault of the D2 deformation phase defined within the regional structures of the northern CAFB in Cameroon [11, 67] . Mineral lineation has N050-070E direction and plunge values ≥ 65˚ SE and the preferred orienttation of xenoliths (N050-066 SE with dip ≥ 65˚SE) are both parallel to the PSF, the foliation in the fault rocks as well as the extension direction. The pitch of the lineation and sense of foliation dip show that sinistral movement in Kitongo SZ includes a reverse component that indicates oblique ascent of the Kogué granite northwestward during syntectonic emplacement ; this fact is evidenced on Figure 7 (c).
Within strike-slip fault systems, synthetic (P) and antithetic (R') faults commonly intersect at high angles forming a rhomb-shaped fault network [68] . The bulk permeability structure and strength of a fault zone are controlled by preexisting and newly developed structures, the regional and local stress state, fault-zone geometry, and changes in lithology resulting from the coupling of mechanical, thermal, fluid flow, and reactive geochemical processes [69] . Fluid flow in fault zones can control the location, emplacement, and evolution of economic mineral deposits and geothermal systems [70] [71] [72] [73] . Furthermore, many hydrothermal deposits within metallogenic belts are linearly distributed, as best illustrated by those around the Pacific Rim [74] . The Kitongo fault zone consists in a conjugate fault system overprinting the earlier ENE-WSW-trending SZ referred to as the PSF and along which mylonites are the major observed features. The Riedel fault system defines an extension direction parallel to the PSF (ENE-WSW). This fault architecture is compatible with the NW-SE stress direction controlling the nearby "Vallée des Roniers" dextral SZ (VRSZ) directed E-W and its N110 synthetic across the Kogué granite. From the Riedel model (Figure 4 ) and the occurrences of dextral kinematic markers in the PSF, this ductile fault could have been reactivated and operated as the VRSZ synthetic P fault during dextral evolution. Tectonic reactivation plays a significant role in the mineralization process by providing channel-ways coeval with block movements on deep faults/fractures which sustain hydrothermal circulation system [68] . Fault intersections over the margin of the Kitongo granite yielded to high-permeability channels having trapped the uranium mineralizing fluids, and the horizontal section of the distribution of mineralized shoots conforms to the final stage of anomalous structures of geochemical fields of hydrothermal ore deposition [75] , where hydrothermal alteration led to zoning marked by alternation of variably alterated granites surrounding the mineralized core zones. The spotted Umineralization mapped here occurs at fault intersections between the Riedel fault system and the SZ and parallel to it, reflecting the deep traces of the Kitongo strike-slip faults [74] .
Relationship between Albitization and Uranium Mineralization and Type of U Mineralization
The relationship between the main alteration event and the uranium mineralization can be used for defining the genetic type of uranium occurrence [76] . Syn-ore zircon precipitated simultaneously with newly formed albite, which would suggest an immediate relationship between albitization and uranium mineralization [77] . The main uranium mineralization in similar deposits is often not related to the main albitization event but clearly removed in time from it [76] . However, the observations presented above differ from these interpretations. Field surveys have revealed a two-stage albitization over the Kitongo uranium occurrence. The second albitization event overprinting the first one was more effective at faults intersections. The whole rock geochemistry indicates that albitization was contemporaneous with uranium mineralization positively correlated. Albitization evidenced by the formation of albite, decrease of K within the U-bearing lithologies (granite and fault rocks 5.32 -0.08 wt% and 2.4 -0.5 wt% respectively) and increase of Na (4.33 -10.92 wt% and 5.58 -9.75 wt% respectively in granite and the fault rocks, Table 1 , Figure 16 ) is followed by the formation of calcite. The latter increases slightly during albitization from 0.34 up to 6.5 wt% and positively correlates with albitization mostly where albitization was intense ( Figure  16 ). The main uranium mineralization is thus related to the second albitization event that has overprinted the first albitization phase at fault intersections. This mineralizing event is probably associated in time with the calcite-uranium stage and it is characterized by locally abundant U, Pb, Zn, and Ga enrichment. Albitization promoted subsequent fluid circulation (for the main stage U mineralization) by creating a more brittle and permeable rock assemblage. The high U contents in the host rocks are not the main factor controlling the intensity of uranium mineralization. Whether the granite is associated with mineralization or not and form lean ores or high-grade ores was determined by the degree of uranium mobilization. Hydrothermal activity remobilizes fixed U into fluid phase [57] and eventually transports it to favourable sites where ore precipitation is then accompanied by intense alteration processes. The early stage altered hydrothermal fluid is an omen for large-scale mineralization; it can not only change the state of U and cause the mobile U increase, but also provide a partial uranium source [78] . Thus, the Kitongo U occurrence can be classified as Na-metasomatism related, in agreement with [76, 77] .
Conclusions
The following conclusions can be drawn. It has not been possible to carry out surface radiometry on the whole prospect due to vertical cliff-faces and thick overburden masking the most important parts of the area.
The main rock types at the prospected area comprise: the metavolcanic and metasedimentary unit, the fault rocks unit, the granodioritic unit and the granitic unit; U occurrence is hosted by granitic rocks that include interleaved sequence of metasedimentary and metavolcanic rocks of the collectively termed Poli Group.
Uranium shoots at the Kitongo area are controlled by ENE-WSW-trending strike-slip faults. However mineralization does not occur uniformly along this fault. The most important segments hosting uranium shoots in the area are those intersecting with late Pan-African Riedel fault system.
The Kitongo U occurrence in northern Cameroon is Na metasomatism-related and characterized by local albitization of the host rock granite (U content up to 651.5 ppm) that is part of the Kogué batholith and the and mylonitic fault rocks (0.22% U 3 O 8 ) following the shear zone. In addition, all the recorded radiometric anomalies are due to uranium.
The main uranium mineralization is related to the second albitization event that has overprinted the first albitization phase at fault intersections with SZ. This mineralizing event is probably associated in time with the calcite-uranium stage. However, the importance of the albitization to the mineralization event, in genetic terms, may be in its role as potential source for uranium. Uranium concentration in unaltered rocks at Kitongo is lower, thus it is possible that the late magmatic fluids responsible for albitization also mobilized U as well as hydrothermal activity remobilizing fixed U and making it available for later deposition. Thus, the uranium mineralization is post magmatic and related to hydrothermal activities and faulting events.
The identification of favorable ore hosting segments within strike-slip faults has great implication for exploration strategies.
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